(ACS) receiving intensive atorvastatin therapy (80 mg/day) [8] , and in the TNT study in patients with stable CAD randomised to 80 mg of atorvastatin daily the association between HDL-C level and the risk was weaker compared to the control group (atorvastatin 10 mg/day) [9] . In contrast to the above studies showing that intensive statin therapy abolished the relation between HDL-C level and the risk, the recently reported COURAGE study in patients with stable CAD who were optimally treated to a target LDL-C level of 60-85 mg/dL with lipid-lowering drugs (statin ± ezetimibe, extended-release niacin, or fibrate) showed the risk to be associated with HDL-C level [10] .
INTRODUCTION
It has been long known from population studies that low serum high-density lipoprotein cholesterol level (HDL-C) is a risk factor for cardiovascular disease (CVD) and high HDL-C level is associated with a decreased risk. This relation has been recently confirmed in a metaanalysis of 68 studies involving more than 300,000 subjects [1] . In addition, it has been shown in another metaanalysis of 8 large studies that even in patients on statin therapy in whom a very low level of low-density lipoprotein cholesterol level (LDL-C) has been achieved, strong negative relations exist between HDL-C and apolipoprotein (apo) A-I levels and the risk of major CV events [2] .
However, not all studies gave such clear results. In a recent study, HDL-C level was a predictor of CV deaths in subjects without coronary artery disease (CAD) but had no such predictive value in subjects with CAD [3] . Similar findings were reported in a study showing that HDL-C level did not predict major CV events in patients after coronary artery bypass grafting [4] . Some studies indicated that in patients receiving intensive lipid-lowering therapy who reached low target LDL-C levels, HDL-C level was not a risk factor or showed a weak association with the risk. In the recently reported SMART study in patients with CVD who received no lipid-lowering therapy or were on usual doses of lipid-lowering drugs, low HDL-C level was associated with an increased risk but no such association was seen in patients receiving intensive therapy [5] . Similar results were reported in the JUPITER study in which a large rosuvastatin dose of 20 mg per day was used in healthy subjects [6, 7] . Also in the PROVE IT TIMI 22 study, HDL-C level had no predictive value in patients with an acute coronary syndrome
HDL METABOLISM
The current knowledge on the metabolism and functions of HDL has been summarised in a number of recent publications [16] [17] [18] [19] [20] .
HDLs are a very heterogeneous lipoprotein fraction. HDL particles differ by size, composition, physicochemical properties and also their physiologic function. HDL contain large amounts of surface apolipoproteins (mostly apo A-I), variable amounts of cholesterol and phospholipids, small amounts of triglycerides and various enzymes. Mature HDL have a spherical shape and consist of a hydrophobic core (cholesterol esters, triglycerides) and a cap that contains free cholesterol, phospholipids, apolipoproteins and enzymes including paraoxonase 1 (PON-1), lecithin-cholesterol acyltransferase (LCAT) and CETP.
Compared to other lipoproteins, HDL have small size and easily penetrate through the vascular endothelium to the intima. Precursors of mature HDL are lipid-free apo A-I particles which then transform into lipid-poor discoid pre-β 1 -HDL. By binding to the ABCA1 transporter, pre-β 1 -HDL acquire phospholipids and non-esterified cholesterol from the surface of various cells including macrophages. LCAT present in these lipoproteins catalyses cholesterol esterification on their surface. Cholesterol esters then migrate to the core, leaving lipoprotein surface free to accept free cholesterol. This process results in formation of larger HDL 3 particles which also accept free cholesterol from cells. Cholesterol esterification by the action of LCAT takes place also in HDL 3 . As a result of these two processes, HDL 3 particles are transformed into even larger HDL 2 particles. Thus, HDL maturation from pre-β 1 -HDL through HDL 3 to HDL 2 is mediated by LCAT. The ABCA1 transporter plays a key role in cholesterol removal from cells to pre-β 1 --HDL and in a lesser extent to HDL 3 , while other transporter, ABCG1, and the SRBI receptor, which are present on the cell surface, facilitate cholesterol transport to more mature HDL particles. The SRBI scavenging receptor on hepatocytes removes cholesterol from HDL 2 and regenerates pre-β 1 HDL and HDL 3 from HDL 2 . As can be thus seen, the main role of HDL is to remove excess cholesterol from cells (reverse cholesterol transport) but it is a very dynamic lipid fraction which undergoes constant transformations.
HDL maturation or transformation of small into larger HDL particles is a prerequisite for normal reverse cholesterol transport. It has been suggested that impairment of this process leads to an increased CVD risk.
In addition to the above described direct transport of excess cholesterol by HDL from peripheral cells to the liver, these lipoproteins also participate in indirect cholesterol transport by exchanging cholesterol for triglycerides with apo B-containing lipoproteins. This process is mediated by CETP, and cholesterol contained in LDL is transferred to the liver by binding of these lipoproteins with the LDL receptor.
ANTIATHEROGENIC EFFECT OF HDL
Normally functioning HDL receive excess cholesterol from macrophages in the arterial wall (direct reverse transport) and transport it to the liver or exchange it with apo B-containing lipoproteins. Direct reverse cholesterol transport is considered the main mechanism of antiatherogenic effect of HDL.
Recently, a study has been published that supports a major role of antiatherogenic effect of HDL via reverse cholesterol transport. Khera et al. [21] reported that the ability of HDL to accept cholesterol from cultured macrophages showed a negative association with coronary events regardless of HDL-C level. The authors found that the coronary event risk decreased by 30% for each increase of the ability to remove cholesterol from macrophages by 1 standard deviation. In addition, a significant negative correlation was found between the ability of HDL to accept cholesterol from macrophages ex vivo and the carotid artery intima-media thickness, even when adjusted for HDL-C level. Recently, Khera and Rader [22] summarised the current knowledge on complex links between cholesterol removal from macrophages by HDL and atherogenesis in an editorial article published in a prestigious journal devoted to research on atherosclerosis.
Evidence of the role of HDL in reverse cholesterol transport were also provided by the studies on the use of HDL infusion to treat atherosclerosis, summarised in a recent review paper by Kingwell and Chapman [23] . Intravenous HDL infusions remove cholesterol from atherosclerotic plaques and reduce their macrophage content which may have an effect on plaque stabilisation and/or regression. As reported by the authors, rapid cholesterol removal from plaques by HDL may occur via multiple mechanisms of cholesterol clearance from cells. The main mechanism is transfer through the ABCA1 transporter to pre-β-HDL and in a smaller extent to HDL 3 . SRBI and ABCG1 may also promote cholesterol influx to mature, cholesterol-rich, spherical HDL particles. ABCA1-mediated removal is particularly important due to the fact that expression of the transporter in plaques is large and some HDL infusion therapies increase the number of pre-β-HDL particles which accept cholesterol via ABCA1 [23] .
The antiatherogenic effect of HDL is not limited to reverse cholesterol transport. Below we will briefly summarise these other mechanisms as recently reviewed by Soran et al. [24] , Lüscher et al. [20] and Rosenson et al. [18] who published extensive reviews on this topic.
HDL exert antiinflammatory, anticoagulant, and antioxidative effects. A potential antiinflammatory effect of HDL may be largely dependent on PON-1, a HDL-related antioxidant enzyme. Antioxidant HDL properties mediated by PON-1 contribute to reduction of oxidative stress and inflammation. HDL reduce production of inflammatory cytokines by macrophages and endothelial expression of adhesion molecules (ICAM-1 i VCAM-1) which facilitate penetration of monocytes and neutrophils into the arterial wall.
The anticoagulant effect of HDL is related to a reduced expression of tissue factor on endothelial cells and inhibition of platelet activation. In vitro studies showed that HDL reduce platelet aggregation induced by collagen, thrombin, and adenosine diposphate. These lipoproteins may also inhibit thrombus formation by maintaining the integrity of endothelial cells. In addition, HDL stimulate prostacyclin synthesis.
Stimulation of nitric oxide (NO) synthesis and expression of an antiapoptotic Bel-xL protein should also be mentioned among the antiatherogenic effects of HDL.
Evidence is available from in vitro studies that HDL protect LDL from oxidation. Lipid peroxides may be transferred from LDL to HDL to be metabolised in the latter. The ability of HDL to reduce accumulation of lipid peroxides is associated mostly with apo A-I and PON-1 activity.
HDL also play a role in glucose homeostasis. Low HDL-C level may increase the risk of the development of type 2 diabetes. Low levels of this lipid fraction are associated with insulin resistance. Genetic defects leading to low HDL-C level are associated with impaired insulin secretion and increased resistance to insulin. An infusion of reconstituted HDL (rHDL) reduced blood glucose level in patients with type 2 diabetes. These data are inconsistent with the observed reduction of insulin sensitivity and increased risk of type 2 diabetes in patients treated with niacin which increases HDL-C level, and the increased risk of diabetes despite moderate increase in HDL-C level among those treated with statins.
ATHEROGENIC EFFECTS OF HDL
The effect of HDL on the vascular wall in patients with various inflammatory diseases is different from that in healthy subjects. Thus, a term of dysfunctional HDL has been created. As noted by Zheng and Aikawa [16] , HDL become dysfunctional after exposure to the inflammatory milieu and in some chronic diseases. It becomes increasingly clear that both the number and the quality of HDL particles are of importance. On one hand, loss or modification of HDL proteins (e.g., apo A-I) and enzymes (e.g., PON-1) decreases their ability to accept cholesterol and exert an antiinflammatory effect, and on the other hand, enrichment in proinflammatory and prothrombotic proteins (e.g., apolipoprotein CIII, lipoprotein-associated phospholipase A2, and serum amyloid A) contributes to HDL dysfunction. HDL structure and composition undergo changes in conditions of inflammation and oxidative stress.
The current knowledge on HDL dysfunction has been recently briefly summarised by Lüscher et al. [20] and discussed in more detail by Serban et al. [25] . It should be noted, however, that our knowledge on dysfunctional HDL is still fragmentary. In general, reverse cholesterol transport becomes impaired, as are the antiinflammatory, antioxidant, and anticoagulant properties of HDL. A loss of these antiatherogenic functions has been indicated by in vitro studies.
The cause of reverse cholesterol transport impairment is oxidative modification of apo A-I by reactive oxygen species, mediated by myeloperoxidase produced in macrophages. Oxidatively modified apo A-I is no longer able to bind to the ABCA1 transporter on macrophages and accept cholesterol. In inflammation, the ability of HDL to accept cholesterol from macrophages becomes largely impaired also due to replacement of apo A-I with serum amyloid A, which is an acute phase protein.
The loss of antioxidative HDL properties is related to oxidation of apo A-I, impaired removal of lipid peroxides from LDL, and with reduced PON-1 activity (oxidation, glycation) and reduced NO synthesis. A proinflammatory effect of dysfunctional HDL is indicated by reduced inhibition of induction of adhesion molecules in the endothelium and increased release of proinflammatory cytokins which are responsible for monocyte recruitment to the arterial wall, which ultimately leads to macrophage accumulation. In addition, dysfunctional HDL show a reduced ability to induce an antiapoptotic protein. Their procoagulant effect may be attributed to reduced inhibition of platelet activity, expression of tissue factor, and impairment of fibrinolysis by increased expression of plasminogen activator inhibitor-1 (Fig. 1) .
These briefly summarised mechanisms of proatherogenic action of dysfunctional HDL are closely related to each other and difficult to analyse separately.
Dysfunctional HDL may be present in CAD, diabetes, obesity, chronic kidney disease, sleep apnoea, autoimmune diseases (lupus erythematosus, rheumatoid arthritis, scleroderma), and in smokers [25] .
Of final note, oxidated (dysfunctional) apo A-I amounting to 29% of the total apo A-I has been recently identified in human atherosclerotic plaques [26] . 
INCREASING HDL LEVELS IN CLINICAL TRIALS
Until recently, no studies evaluated the effect of increasing HDL-C levels on the CV event risk. For many years, the only available drug increasing HDL-C level was crystalline NA which was poorly tolerated by patients. Later, new preparations of extended-release NA and extended-release NA combined with laropiprant were developed to reduce side effects. These newer forms of NA as well as a novel class of potent drugs increasing HDL-C level, CETP inhibitors, have been evaluated in clinical trials for some years now. Inhibition of CETP prevents cholesterol transfer from HDL to very-low-density lipoproteins (VLDL) and LDL. As a result, an increase in the serum level of large, lipid-rich HDL 2 is mostly seen. In addition, drugs of this class increase apo A-I level and reduce its catabolism, leading to its longer persistence in the circulation [27] . CETP inhibitors also reduce LDL-C level by inhibiting indirect reverse cholesterol transfer from HDL to LDL. These drugs also increase VLDL apo B clearance.
As already mentioned, however, clinical studies on newer NA preparations [11, 12] and two CETP inhibitors, torcetrapib and dalcetrapib [13, 14] , did not show a reduction in CV events in patients receiving intensive statin therapy which may indicate that no causal relation exists between cholesterol content of HDL and CVD. Clinical trials continue with two other CETP inhibitors, i.e. anacetrapib (REVEAL study) and evacetrapib (ACCELERATE study) which also potently reduce LDL-C level and perhaps will induce CV risk reduction by this mechanism.
INFUSION THERAPY
Currently, clinical studies are underway to evaluate novel methods of treating atherosclerosis, mostly in the coronary arteries, by intravenous infusions of HDL preparations. This therapy is intended to induce rapid reduction of the lipid content of vulnerable plaques, resulting in their stabilisation and regression. Such atherosclerotic plaques contain up to 40% of lipids [28] , and their cholesterol ester level is positively correlated with macrophage accumulation and negatively correlated with fibrous cap thickness [29] . Recently Kingwell and Chapman [23] and Hafiane and Geneset [30] evaluated the therapeutic utility of intravenous HDL infusions.
The currently tested rHDL preparation, designated CSL--111, contains human apo A-I isolated from the plasma and phosphatidylcholine from soybean, thus imitating native HDL. The result of the initial study (ERASE) using CSL-111 in 133 patients with an ACS was disappointing as no significant difference in reduction of plaque volume (evaluated using intravascular ultrasound) was seen between patients treated with 4 weekly CSL-111 infusions at 40 mg/kg and the placebo control group (-3.4% vs. -1.6%) [31] . In a clinical study of a single intravenous CSL-111 infusion in 29 patients with an ACS, no improvement of forearm artery vasodilator function was noted despite a mean increase in plasma HDL-C level by 64% and a decrease in LDL-C level by 23% [32] . However, in a study in 20 patients with peripheral arterial disease immediately after atherectomy, a single intravenous CSL-111 infusion at 80 mg/kg reduced plaque lipid content in the femoral artery by 62% compared to placebo [33] . In addition, a significant reduction of VCAM-1 and selectin P expression was noted. CSL-111 is being evaluated in phase II trials, and a new formula of CSL-111, designated CSL-112, is currently in phase I trials. CSL-112 is homologous with small particles, smaller than HDL 3 . In rabbits and humans, it leads to formation of pre-β-HDL and more effectively removes cholesterol by the ABCA1 transporter than HDL 3 . Although CSL-112 has not been shown to be more effective than CSL-111 at 40 mg/kg, it is better tolerated.
Another HDL preparation for intravenous administration is ETC-216, a preparation of recombinant apo A-I Milano combined with phosphatidylcholine. The idea of its therapeutic use originated from observations of patients with the apo A-I Milano mutation who do not develop premature atherosclerosis despite low HDL-C level (< 15 mg/dL), increased triglycerides and normal or elevated LDL-C level [34] [35] [36] . The only functional difference compared to normal HDL is a better ability of apo AI Milano to remove cholesterol through SRBI and ABCA1 [37, 38] . In 2003, a reduction in plaque volume by 4.2% after 5 intravenous infusions of ETC-216 at 45 mg/kg was shown in a small placebo-controlled study in patients with an ACS [39] . This observation showed the clinical utility of rHDL and prompted studies on other preparations. Of note, Pfizer ceased work on ETC-216 due to contamination during its production. A novel formula of ETC-216 is currently studied, designated MDCO-216. Another currently tested rHDL preparation is CER-001 (pre-β 1 -like HDL). Studies are also underway on HDL mimetics which are synthetic peptides imitating apo A-I.
In summary, intravenous HDL infusions rapidly increase the number of HDL particles and by enhancing the ability to accept cholesterol, they may stabilise plaques during the first days after an ACS. A major role in cholesterol removal is played by ABCA1, as expression of this transporter in atherosclerotic plaques is particularly high, and some intravenous rHDL therapies mainly increase the number of pre-β 1 -HDL which preferentially bind to ABCA-1.
It remains an open issue whether this form of therapy has an effect on the risk of CV events.
HOW TO MANAGE LOW HDL LEVEL?
As may be seen from the recent clinical studies [11] [12] [13] [14] , currently there is no justification for drug treatment of low HDL-C levels. We believe that the best approach has been summarised in the 2013 National Lipid Association consensus statement on HDL [40] . Below we recapitulate the most important recommendations from mentioned document in relation to this problem: -HDL-C level is an important biomarker of the CV event risk and as such it is appropriately included into quantitative risk estimation models. -Current evidence for therapy targeted at HDL-C level is insufficient. No evidence supports increasing HDL-C level to some arbitrarily set values (e.g. > 40 mg/dL in men and > 50 mg/dL in women). -Currently available data do not support added benefits from using additional lipid-modifying drugs in patients with CVD in whom statin treatment results in optimal LDL-C and non-HDL-C levels. -Combined therapy should be considered in patients who do not reach optimal LDL-C and non-HDL-C levels on statin treatment. The aim of such combined therapy is to lower LDL-C and non-HDL-C levels to risk-specific target levels. -In patients with metabolic syndrome or insulin resistance, the best approach to raise HDL-C level is probably lifestyle modification (dietary modifications, body weight reduction, exercise, and smoking cessation) according to the National Cholesterol Education Program Adult Treatment Panel III guidelines. -Clinical study results cannot be extrapolated to populations which have not been evaluated in these studies.
SUMMARY
The topic of this article is an important practical lipidologic issue, along with familial hypercholesterolaemia and severe hypertriglyceridaemia which have also been recently reviewed in the Polish literature [41, 42] .
In this paper, we attempted to summarise current scientific evidence and views on the complex role of HDL in atherogenesis, as well as therapeutic recommendations in patients with low HDL-C level. In summary, it should be noted that the available evidence does not indicate that HDL are not antiatherogenic lipoproteins but rather directs our attention towards their functionality and dysfunctionality accompanying numerous pathologic conditions associated with inflammation. It may be hoped that effective methods to increase the number of functional HDL in the plasma will be developed in future studies, translating to a reduction in CV events and thus deserving a place in clinical practice guidelines.
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